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Abstract 
When developing aero-engines, problems with respect to reliability maybe come because of designs, but the manufacture process 
causes a lot. The purpose to study the process reliability is to cut down and eliminate the process defects/failures, which will 
improve the pass rate. This paper puts forward the concept, evaluations, and the contents of process reliability, and method to 
analyze process reliability. In addition, a case will be used to certificate this analysis. 
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1. Introduction 
Nowadays, in the phase of designing aero-engines, great amounts of process designs and analysis will be done to 
ensure quality and reliability. If we pay the only attention to the designs, with ignoring the manufacture, failures will 
be a high proportion. The main factors result in this are designs, implement, alters and the poor controls of the 
process. Statistical data show that, for mature products, process reliability problems accounted for 20%-30% in 
problems of products, and this proportion will rise to 30%-50% when the designs have just begun. In this case, the 
process reliability is a key factor to products’ performance. According to the authoritative statistics, in the early 
stages of designing new weapons and equipment, about 40%-50% failures are closely related to the material process. 
The issue of process reliability is more and more inevitable. 
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2. The process reliability engineering 
The statistical dates concerning to failures of aero-engines conducted by the AVIC shows that, 60%-70% failures 
occur because of designs, 20%-30% is related to process and 10% may happens in the use. The process reliability 
engineering mentioned in this paper, is to settle down the 20%-30% failures concerning of the manufacture process. 
So, the study of process reliability committee to reduce the problems of process reliability and improve the 
reliability by the way of one closed-loop project which is define - measure - analyze - improve and optimization – 
verification. 
The object of study is process defects/failures. The research is trying to analyze and discover process 
defects/failures, reduce and eliminate the potential process defects/failures when process is being designed, 
moreover control failures and improve quality. This study will begin with two closed engineering activities which 
are “define-measure-analysis-optimization” and “monitor-statistics-analysis-control”. Specifically speaking: 
x Determining the objects of process reliability(contains compliance of shape and position, internal integrity and 
surface integrity) ; 
x With analyzing the process reliability, card the defects or failures, and find the key process; 
x For the key process, theoretical calculations, simulation and analysis will be done to explore the relationship of 
process sequence, parameters and the objects. The response model, which shows controllable and uncontrollable 
parameters’ influence on the objects, can be utilized to optimize the designs, and find an optimal parameters’ 
combination; 
x Verify the optimal designs, and achieve the designed goals with finishing all above. At last improve the pass rate 
of products and reduce costs. 
2.1. Concept and content of process reliability 
Process is a method or way which makes a variety of raw materials and semi-finished products become finished. 
The most common law of any process is that process should ensure the parts’ quality, improve labor productivity, 
and reduce costs. 
Process reliability is a capability that process can produce the products which meets the designing requirement 
economically, efficiently, and steadily under specified conditions. 
In the concept of process reliability: 
ĀSpecified conditions” means, certain personnel, equipment, raw materials, process methods, environment, and 
production standards, and so on; 
ĀEconomically” means the proportion with costs and time, which is expected to be as much as small; 
ĀEfficiently” shows the performance that raw materials become products. We hope it a high value; 
ĀSteadily” reflects the process which is controlled statistically. That is to say, products’ quality is always in the 
permissible range. Products’ quality is controlled, which means process and parameters are reasonable, and limits 
are tolerant; 
ĀMeet the designing requirement”, is that the position and size, internal quality, surface finish, process 
performance of products meet the designing requirement. 
2.2. Parameters and indicators of process reliability 
Responsible parameters or index are required to measure a reliability of process. Based on different features of 
process and types of process defects/failures, they can be proposed according to the principles which are 
representative, intuitive, and operability. “Representative”, requires that the parameters selected can reflect the 
reliability of the current process accurately; “Intuitive”, requires that the parameters should intuitive and 
understandable, which different levels of people can grasp the reliability conditions through the selected parameters 
or indicators; “Operability”, is in the current indicator system, by calculations of the data, its physical meaning can 
be easily understanding. When using this method of calculation, data should be simple and easily measured. 
On the basis of proposed concept and content of process reliability, the indicators which can evaluate the process 
reliability need to be proposed, too. Currently manufacturing processes are of great variety, which makes the process 
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defects/failures different. We should put forwards the indicators separately for every process. By induction, these 
process defects/failures can be divided into three categories: 
x Internal integrity 
Internal integrity, means the interior of products should meet requires concerning integrity. For example, when 
casting, products’ interior shouldn’t have shrinkage cavity, and welding process calls for no cracks, pores, slags 
in the welding parts. 
x Surface integrity 
Surface integrity, means that the surface of products is integrity, and is no defects. For example, collapse and 
welding tumor are not permitted in a welding process. In addition, the coating process requires finish of the 
surface. 
x Geometric compliance 
Geometric compliance is a performance of the products which can meet requires of shape parameters and mutual 
location. 
These three evaluations can be quantified contrary to specific process. For example, in the process of casting leaf, 
the size of leaves has a certain tolerance. We can monitor the size, and record these data, so as to study the size 
distribution of data in the vicinity of the tolerance range, and get reliability of geometric. 
2.3. Approach to analyze the process reliability 
To conduct the analysis of process reliability, firstly we should systematically analyze and comb the potential 
process defects/failures. For every process, the failures which may occur, or has occurred should be considered. The 
process FMEA(Failure Mode and Effect Analysis) is a strong analytical method to analyze the process reliability. 
GJB1391/Z-2006 defined the process FMEA(P-FMEA) clearly, and proposed guidance to implement the P-FMEA. 
At present, P-FMEA is the main approach to analyze the process reliability. 
The key work of P-FMEA is to fill in the P-FMEA tables. By doing this, engineer can analyze the cause and 
effect of the potential process defects/failures, also put forwards corresponding control measures and testing 
requirements. Verifying the effectiveness of control measures, a closed-loop management to every process 
defects/failures can be achieved, and failures will be reduced. When conducting P-FMEA in practical engineering, 
this table can be reformed to get a best cost-effective. The reformed table can be below: 
          Table 1. The table of P-FMEA. 
Assessment items Assessment results 
Name of process  
Process issues  
Process ID  
Process issues No.  
Failure affects  
Causes  
Control measures  
Results of the implementation of measures  
Effectiveness of the implementation of measures  
Status   
2.4. Approach to improve and optimize the process reliability 
The key process should be improved and optimized once it was certain. Research about the technology of process 
reliability abroad focus on optimization based on the design of the experiment (DOE) and the statistical process 
control (SPC). DOE is an effective process optimization. 
At present, when domestic most of the research model determines the process parameters, engineering experience 
is relied on heavily. This method leads to considerable uncertainty, extends the development cycle and leads the 
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economy hardly withstand. If DOE is chosen to merit, the development efficiency of products will be greatly 
improved. 
DOE, based on the statistics, selects the representative points in the sample space composed by all the parameter 
ranges. (Less points but cover the sample space) Experiment will be done according to the parameters of these 
points. Finally the results will be statistically analyzed to find the optimal combination of parameters corresponding 
to the optimal results. 
Thus, the approach to improve and optimize the process reliability based on DOE can be expressed by the 
following figure: 

Fig.1 Flowchart to optimize the process reliability. 
3. An example of process reliability analysis approach 
3.1. Optimization of one certain type engine compressor’s inner coating process 
In this paper, a type of engine compressor’s inner ring stator blade surface coating process is selected to be an 
object to apply process reliability analysis method. Specific analysis to improve process is as follows: 
x Determine the object to analyze 
The engine compressor’s inner stator blade coating is an object to be studied. The coating process is divided into 
three steps, namely: sandblasting process, plasma spraying, flame spraying; 
x Carry out the P-FMEA 
It can be learned from past experience that sandblasting has a negligible result on coating process. Only plasma 
spraying and flame spraying need to be carried out P-FMEA. For example, the flame spraying’s P-FMEA is 
given by the following table: 
      Table 2. P-FMEA of the flame spraying. 
Assessment items Assessment results 
Process ID 2 
Name of process Flame spraying 
Process issues No. 1 
Process issues Coating off 
Failure affects Affect the life of the rotor blades 
Causes Improper of selection of the process parameters 
Control measures According to the process parameters and ranges given by 
DOE, firstly do spraying experiment on specimens and 
analyze the data. Then determine optimal parameter. 
Finally conduct physical test using these parameters and 
obtain the spraying parameters 
Results of the implementation of measures Optimal flame spraying parameters 
Effectiveness of the implementation of measures Proportion of coating off each year: in 2010 is 20%, 
2011 is 18%, 2012 is 13%, 2013 is 10%, 2014 until now 
is 5% 
Status  Unclosed 
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x Spray process parameter’s optimization 
P-FMEA tells us that plasma spraying and the flame spraying will carry out the DOE. The responses examined in 
DOE are factor hardness, bonding strength, and porosity. In accordance with the principles of orthogonal design, 
the following orthogonal design table can be gotten (with an example of flame spraying): 
Table 3. Experimental program of the flame spraying. 
Oxygen 
pressure(psi) 
Acetylene 
pressure(psi) 
Nitrogen 
process(psi) 
Oxygen 
flow(SCFH) 
Acetylene 
flow(SCFH) 
Nitrogen 
flow(SCFH) 
Powder 
feed rate 
Spray 
distance(mm) 
65 50 80 7.5 5.5 8.5 20 120 
65 70 120 7.5 6.5 9 28 170 
65 70 80 9.5 6.5 8.5 20 170 
… … … … … … … … 
 
x The spray test using the optimal combination of parameters told us that the bonding strength of the coating was 
found to increase by 43%, and the porosity was observed under a microscope, which was significantly reduced. 
4. Conclusion 
Process reliability has an influence in reliability of products and costs. Thus, improving process reliability is the 
basis to improving the products’ reliability. Without the reliability of process, reliable design hardly ensures a 
reliable product. Process reliability issues are outstanding in China’s aviation engine technology product, and 
corresponding basic technology research is relatively backward. Thus, to carry out targeted research work will 
improve the reliability and product pass rate. Finally, the production costs will be significantly reduced, which is 
important. 
References 
[1] Zhang Chunhua, Yang Weijing, Reliability works on manufacturing process, Quality and reliability. 2013,5. 
